Vendor managed inventory system is vendor centric inventory system in which all inventory decisions are taken by vendor rather than buyer. This study considers non-instantaneous deteriorating items with generalized type time dependent deterioration rate when demand rate is quadratic function of time and shortages are allowed with partial backlogging. The paper aims to compare traditional inventory system and vendor managed inventory system by analyzing total cost function. To validate the model, numerical example and sensitivity analysis are performed. The analysis shows that vendor managed inventory is more beneficial compare with the traditional inventory system.
Introduction
Most of the inventories lose their characteristics over time, which is known as deterioration. For example photography film, food, cloths, drugs, etc. . Whitin (1957) is believed to be the first who introduced this concept. Behavior of deteriorating inventory was first modeled by Ghare and Schrader (1963) . After Ghare and Schrader (1963) 's work, many studies have been considered deteriorating items as a central agenda. Tripathy and Mishra (2011) formulated economic order quantity (EOQ) model with two variable distribution deterioration rate and ramp type demand rate. Tripathy and Pradhan (2012) developed EOQ model adopting three variable Weibull distribution deterioration function by optimizing cost function including salvage value. Shukla et al. (2013) studied EOQ model adopting exponential demand rate with constant deterioration rate allowing partial backlogging. Singhal and Singh (2015) optimized total cost by considering multi variate demand and permitting shortages partially. More detailed reviews are given by Goyal and Giri, (2001) , Bakker et al. (2012) , Khanlarzade et al. (2014) and Janssen et al. (2016) .
The present study is concentrated on deteriorating items, which are fresh for some time span. These products are known as 'non-instantaneous' deteriorating items. Wu et al. (2006) first developed the model for non-instantaneous deteriorating items, allowing stock dependent demand and partial backlogging. There have been many extensions after Wu et al. (2006) model by applying different assumptions. Shah et al. (2013) considered marketing policy for non-instantaneous with generalized type deterioration, permitting no shortages and demand rate is power function of price and frequency of advertisement. Palanivel and Uthayakumar (2014) established model for non-instantaneous deteriorating products with time dependent two variable Weibull deterioration rate, where demand rate is power function of time and permitting partial backlogging. While, Zhang et al. (2015) developed pricing model for non-instantaneous deteriorating item by considering constant deterioration rate and stock sensitive demand. Further, Farughi et al. (2014) modeled pricing and inventory control policy for non-instantaneous deteriorating items with price and time dependent demand permitting shortages with partial backlogging. Mashud et al. (2018) worked on non-instantaneous deteriorating item having different demand rates allowing partial backlogging.
When cross-examining previous literature, there are very few studies, which have considered generalized type deterioration rate and demand as quadratic function of time. Sett et al. (2012) formulated two-warehouse inventory model with time dependent deterioration and quadratic demand. computed pricing model of single manufacturer-single buyer by optimizing cost function for deteriorating items having quadratic demand and deterioration rate follows two variable Weibull distributions. According to , quadratic demand is suitable when product is new to the market.
The above studies have comprehensively focused on buyers' perspective and overlook the role of vendors in coordinating the functions of entire supply chain that makes it more uneconomical. Henceforth, it is equally important to have more number of vendor centric studies. Vendor managed inventory (VMI) system is the kind of inventory system in which system buyer should inform the vendor regarding status of system, thus supplier is responsible for deciding replenishment policy and timing of replenishment according to the flow of information (Tat et al. 2015) . Jindal and Solanki (2016) presented integrated single vendor single buyer inventory model to minimize cost function for non-deteriorating item. VMI models are developed for non-deteriorating items with single vendor and multiple buyers by Zhang et al. (2007) and Darwish and Odah (2010) under different conditions. BaniAsadi and Zanjani (2017) developed VMI model for three level supply chain system by optimizing cost function using genetic and PSO algorithm. Rabbani et al. (2018) developed VMI model for deteriorating inventory adopting different algorithms. Very few studies have been established for deteriorating products with VMI system. In this context, Yu et al. (2012) developed VMI model by optimizing cost function with deteriorating products and raw materials assuming constant deterioration rate and constant demand by permitting no shortages. Taleizadeh et al. (2015) established pricing and replenishment policy in VMI system with constant deterioration. Furthermore, Tat et al. (2015) investigated performance of VMI system and traditional system for non-instantaneous deteriorating item by assuming constant demand and constant deterioration rate under two conditions: No shortages and permitted shortages with complete backlogging. But in real conditions, it is often seen that inventory problems studying constant demand, constant deterioration rate and complete backlogging is yet to be explored fully and requires attention. This study aims to fill this gap.
By considering aforementioned studies, the present paper investigates inventory model for a noninstantaneously deteriorating products. In this work, the deterioration rate is taken to be time-dependent and demand is time varying and increasing at quadratic rate and by considering partial backlogging. Following this, mathematical model is formulated for traditional system and VMI system considers total cost as an objective function. Some useful theoretical results are developed to identify optimal replenishment policy under both systems followed by presenting two numerical examples. Sensitivity analysis is exhibited to search key parameters. The current paper has the following sections: introduction, notations and assumptions, mathematical model, numerical examples, sensitivity analysis and conclusion with future scope of the study.
Notation and assumptions
Model is developed with following notations and assumptions. 
Notations
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Mathematical Model
In this section, we develop traditional model and VMI model for non-instantaneous deteriorating item.
In this system Q units arrives at the beginning of each cycle. The inventory level decreases since demand is located only in the interval [0, ] v then deterioration starts and inventory level decreases due to deterioration and demand is located in the time interval The instantaneous state of the system is given by
dI t t I t a bt ct v t t dt
With the boundary conditions      
Solution of equations (1) to (2) is given by
where ( ) ( )
The cost elements of the system are given as below:
The opportunity cost due to lost sales:
Total cost of the supplier and buyer in traditional inventory system are respectively given by 
and   
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From the necessary conditions     
Z t t e ct b ct bt a t c v c e dt t c ct b e ct bt a c t e c
From Eq. (19), one has 
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Hence Hessian matrix is negative definite at point     
, t t is a global minimum for the problem (8).
This completes the proof.
VMI Model
In vendor managed inventory system, buyer's cost is paid by supplier. So the buyer's cost and supplier's cost in VMI system are respectively as follows, 
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The optimization problem in VMI system is   
Numerical examples
Existing model consists of generalized type and time dependent deterioration rate. To illustrate the above theoretical result, we solve the following numerical example by assuming different kinds of particular form of deterioration rate. From Table 1 and Table 2 , we can say that vendor managed inventory system is more beneficial compared with individual system as cost with VMI system is less than to cost with traditional system in both examples: constant deterioration rate and three variable Weibull distribution deterioration rate.
Example 1: Constant deterioration rate
Though the convexity is established for the objective function of both traditional system and VMI system, behavior of the function with respect to decision variables followed by numerical example 2 is shown in Figs. (2-3) , respectively. 
Sensitivity analysis
In this section, we study the effect of the changes in decision variable , , Q t t and TC in traditional system and VMI system with respect to parameters by changing -40%, 20%, 20% and 40% in original values as per example 2, considering deterioration rate as three variable Weibull distribution function.  As ordering cost increases, cycle length, order quantity and hence total cost increase in both the system and there is a big difference between order quantities of both systems. However, total cost in vendor managed inventory system is low compared with the individual system.  As 1 D increases, when there is no deterioration, cycle length, order quantity and total cost increases in both the system. When deterioration starts, increases in constant demand rate , a cycle length decreases at the time of positive inventory, cycle length increases when there is a negative inventory, order quantity and total cost also increase in both traditional and VMI systems. On changing in linear demand rate b and exponential demand rate c , there is no changes in any decision variables in both systems. Here total cost in supply chain with traditional policy is lower than the total cost in supply chain with vendor managed policy.  When there is an increase in v , there is a significant increase in cycle length with increase in ordering cost and total cost in both systems. Although cost in VMI system is lower than traditional system.  When there is an increase in , it is found that cycle length in positive inventory and order quantity decrease, cycle length at the time of shortages increases negligibly and total cost increases. As  increases, there is a decrease in 2 t , 2 VMI t , TC and VMI TC . Additionally, 1 t , 1 VMI t , Q and VMI Q increase with increase in  . It is noticed that an increase in beta value decreases the cost and total cost in VMI system which is lower than individual supply chain system. Sensitivity analysis shows that gap between total cost in vender managed inventory supply chain system and traditional supply chain system is very high. Hence VMI system is beneficial in comparison with individual supply chain system.
Conclusion and future scope
VMI system and individual system have been developed for single vendor and single buyer for noninstantaneous deteriorating item having generalized time dependent deterioration rate with quadratic demand with respect to time and permitting shortages with partial backlogging. The study has considered total cost function as an objective function. Results have been shown analytically and numerically with different deterioration rates. Sensitivity analysis has been exhibited to show the liability of the model. The major contribution of this study is the consideration of quadratic demand and time dependent generalized deterioration rate in traditional supply chain system and VMI supply chain system. The primary objective of the study was to compare decision variable in traditional model and VMI models. It was noticed that total average cost decreases significantly in VMI system compared with the system developed by individual effort of vendor and buyer with time varying generalized deterioration rate. Hence VMI policy is more beneficial than traditional policy. One can extend this model with stock dependent demand, single vendor-multiple buyer etc.
